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Pore-forming toxins (PFTs) are a large class of virulence factors that include some of nature’s most potent biological weapons. They are employed by a wide range of bacterial 
pathogens but also occur in eukaryotes where they play roles in immune defense or as venoms.
As their name implies, PFTs form pores in the membranes of target cells. The toxic effect of PFTs is either disruption of the permeability barrier causing leakage or the delivery 
of toxic components through the pores. One remarkable characteristic of PFTs is their transformation from a soluble, monomeric protein to an oligomeric transmembrane chan-
nel with features of an integral membrane protein (Parker and Feil, 2005). For this transformation the toxin must undergo conformational changes in which hydrophobic patches 
that are buried in the soluble state become exposed to the hydrophobic environment of the membrane lipids. PFTs can form both a soluble and a membrane protein from the 
same polypeptide and thereby challenge the notion that these types of proteins are necessarily distinct. Despite the broad diversity in sequence and structure between differ-
ent families of PFTs they typically act by a common mechanism. The toxin is secreted in its soluble form and diffuses to the target cell. Binding to the target cell is mediated 
by specific receptors that have been identified for many PFTs and include cell surface features such as membrane- or glycophosphatidylinositol-anchored proteins or lipids. 
Oligomerization and assembly of the pore is then followed by membrane integration.
PFTs can be classified as α-PFTs and β-PFTs, depending on the types of secondary structure they use to insert into the membrane. α-PFTs span the target membrane with 
helices, tend to be highly α helical, and have predicted transmembrane helices in their sequence. β-PFTs are usually rich in β sheets and contain amphipathic β strands that 
assemble to form a β barrel in the target membrane upon pore formation.
α-PFTs
Among this group of PFTs are some of the most dangerous toxins, such as diphtheria and anthrax toxin. Diphtheria toxin is a binary α-PFT (Choe et al., 1992): It consists of two 
disulfide-linked chains resulting from proteolytic cleavage. One chain is responsible for receptor binding and pore formation. The pore-forming domain translocates the second 
chain, containing the catalytic domain, to the cytosol. This catalytic domain causes ADP-ribosylation of elongation factor 2, which inhibits protein synthesis and kills the cell.
With the insecticidal δ-endotoxins from Bacillus thuringiensis the toxicity of PFTs finds an application as biopesticides, particularly in transgenic crops (Vaeck et al., 1987). 
During sporulation B. thuringiensis produces large amounts of δ-endotoxins, which crystallize in the cell and are released by lysis at the end of sporulation. The inclusions dis-
solve in the midgut of insects after ingestion where the toxin is activated by proteolytic cleavage leading to cell lysis through formation of membrane channels that cause osmotic 
swelling.
Colicins are very diverse PFTs produced by various strains of Escherichia coli that attack other E. coli strains or closely related bacteria. The colicin-producing bacteria also 
express an “immunity” protein for protection from their own toxin. The secreted colicins bind to protein receptors on the outer membrane of target cells and are subsequently 
translocated to the periplasm by various mechanisms. Some colicins are further translocated to the cytoplasm where they act as a DNase, an RNase, or inhibitors of protein 
synthesis. Other colicins cause cell death by forming pores in the cytoplasmic membrane.
Cytolysin A (ClyA) is responsible for the hemolytic phenotype of several E. coli and Salmonella enterica strains. X-ray crystallographic structures of both ClyA forms, the 
soluble monomer and the assembled pore, have been determined (Mueller et al., 2009; Wallace et al., 2000). The structure of the ClyA pore reveals its membrane-inserted region 
and suggests a sequential mechanism of interdependent conformational changes for membrane insertion.
β-PFTs
The only other PFT besides ClyA for which a high-resolution structure of the assembled pore in its membrane-integrated form has been determined is α-hemolysin from Staphy-
lococcus aureus (Song et al., 1996). The structure of the soluble form of S. aureus leukocidin F, a close homolog of α-hemolysin, is also known (Olson et al., 1999). The two struc-
tures show that a three-stranded β sheet of the soluble monomer transforms into two strands of the 14-stranded β barrel of the heptameric pore with a diameter of 14 to 46 Å.
Much larger pores composed of up to 50 protomers and a diameter of about 250 to 300 Å are formed by members of the family of cholesterol-dependent cytolysins (CDCs). 
Perfringolysin O from Clostridium perfringens and pneumolysin from Streptococcus pneumoniae are members of the CDC family for which X-ray structures of the soluble form 
and cryo-EM reconstructions of the pore and prepore are available, respectively (Tilley and Saibil, 2006).
Although extremely divergent at the sequence level, bacterial CDCs share a common fold with the membrane attack complex/perforin (MACPF) superfamily. This family of 
mammalian PFTs plays crucial roles in the immune defense of the complement system. The structural similarities to CDC and MACPF families are illustrated by the structure of 
the MACPF domain of human C8α, a protein of the complement cascade (Lukoyanova and Saibil, 2008).
Aerolysin from Aeromonas hydrophila is a cytolytic PFT, activated by proteolytic cleavage that is another example of a β-PFT. The crystal structure of its precursor proaerolysin 
shows an elongated four-domain protein rich in β sheets (Parker et al., 1994).
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